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1. Introduction 
 
Pet doors were initially created for the consumer that has a pet but does not want to 
hassle with letting the pet in and out of the house or allowing them access to food and 
shelter. Allegedly, Sir Isaac Newton created the first pet door in the early 18th century [1] for 
his cats. His cats would let themselves in, which would allow light in and ruin his 
experiments. A pet door allowed Newton to carry on with his experiments, while his cats 
could come and go as they please. People today still want this amenity in their house, but 
want to restrict what animal may or may not enter a given door. Therefore, the market has 
been flooded with automatic pet doors that are activated by a magnetic field, radio frequency 
or other activation signal. Even with the current economic recession, consumers continue to 
spend more money on their pets which can be seen in Figure 1.1. 
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Figure 1.1: US consumer spending on pets within the last decade. [2] 
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These doors are designed to be installed a door or door frame. These doors however 
are very expensive, made of low-cost materials and are limited in the places that they can be 
installed. Also, because they commonly use elaborate motors built with inexpensive parts, 
the motors often break and are unable to be replaced forcing the consumer to purchase an 
entirely new apparatus. There is plenty of room for improvement. It is believed that simpler 
parts can be used more successfully and at a much lower cost to the consumer. As well, 
these doors should be able to be placed wherever the consumer would like, a barn wall, dog 
kennel, food box, shelter, etc. For this experiment it is hypothesized that a consistent source 
of activation will be used and that a working model within the above parameters will be 
built and operable. The goal is to create a product that can be easily understood by the 
consumer and would allow for the replacement and fixing of parts.  
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2. Design 
2.1 Sensor and Activation Signal 
 Magnets are used as an activation source for activation because they are able to 
operate in the absence of a power source. Magnets lose less than one percent of their 
strength over a ten year period and they are very inexpensive. These magnets will be placed 
in the pet’s collar and will be a reliable activation source.  
 In order to activate the door’s circuit, the magnet will need to trigger a sensor near 
the door. Keeping cost and reliability in mind, the HSI Reed Sensors were chosen to receive 
this signal. The HSI Reed Sensors are sensors that will only activate when a magnetic field 
is present. Inside the sensors are two wires that are not connected with each other. The wires 
are kept in a vacuum and are made of metals that are attractive to magnets [3]. When the 
sensor is within a magnetic field, the wires will then become magnetically attracted to one 
another, forcing them to connect and complete the circuit. The sensors that were chosen 
were just under seven dollars each which was well within the budget. Also, looking at the 
data sheet it was found that the sensors activated at a set distance of 1 inch or 2.54 
centimeters [4]. Specification isn’t consistent with our understanding of the sensors 
operation, which should be sensitive to the magnetic field strength. This will be tested in the 
experiment to see if the data sheet is correct.  
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2.2 Solenoid Latch 
 A solenoid is a coil of copper wires. When a current is passed through, it will create 
a magnetic field inside of that coil. When a piece of iron containing metal is place inside of 
this coil of wires, its motion is able to be controlled depending on the current passed through 
the solenoid. A Johnson Electric Solenoid [5] was chosen as the ideal lock for the door 
because it has so few moving parts. It will have no problem withstanding the weather or dirt 
that can affect other motors with many more parts. Due to the large current required to 
engage the solenoid switch, the solenoid will create a heavy load on the rest of the circuit. In 
order to provide a current to pass through the solenoid another circuit component must be 
placed before the solenoid.  
2.3 Circuit Design 
 The circuit design needed to accommodate different components. A standard 9 V 
battery was chosen to operate this circuit because it will provide enough power and last long 
enough to be reliable. This power source can be placed with the HSI Reed Sensor which acts 
as a switch. When the switch is closed, the reed sensors will directly connect the circuit with 
the battery and will provide it in a square wave form. This square wave can then be 
controlled by placing it in series with a half wave rectifier consisting of a diode, capacitor 
and a resistor. In order to control the signal, a discharge time is set using the 
equation . This equation will be set for 15 seconds using a 1000µF capacitor in 
5	  
	  
parallel with a 15kΩ resistor. This 15 second discharge output is then placed in series with a 
transistor. Figure 2.1 depicts a transistor diagram showing how it operates. 
	  
Figure 2.1: Basic transistor circuit diagram [6].  
 
This transistor works in order to draw current through a device and in this case, it is 
the solenoid. When a charge is present at the base pin of the transistor it will draw current 
through the solenoid, connected to 9 V and to the collector pin of the transistor, allowing it 
to work. Figure 2.2 depicts the circuit design. 
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Figure 2.2: Sketch of circuit design. A is the 9 V battery. B is the HIS Reed Sensor. C is the 
half wave rectifier consisting of a diode, 1000µF capacitor and a 15kΩ resistor. D is the 
transistor. 
 
In summation, the circuit should work like this. When the pet is present with a collar 
of magnets and is close enough to the sensors, the sensors will activate allowing the 9 V 
power supply to continue into the circuit. As long as the magnetic field is present and the 
sensors are activated the capacitor will continue to charge and all the while the transistor 
will be receiving 9 V at its base. When the transistor receives 9 V it will be in its “on” state 
and allow current to flow through the solenoid. Once the pet has left and the magnetic field 
has been removed, the sensors will immediately deactivate shutting off the rest of the circuit 
from the 9 V input. At that moment, the capacitor will begin to discharge back through the 
circuit continuing to apply a voltage to the base of the transistor. So long as the transistor 
has a voltage at its base pin from the battery or from the capacitor, it will remain in its “on” 
position. After the charge runs out after 15 seconds, the transistor will then will go into its 
“off” state and no longer draw current through the solenoid. By removing the magnetic field, 
Solenoid 
A	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D	  
7	  
	  
the piston will drop back into place, locking the door. Figure 2.3 shows the solenoid to be 
used. 
	  
Figure 2.3: Johnson Electric solenoid to be used in the circuit [5]. 
 
 In order for this door to operate properly, the solenoid must be connected to move 
with the door and the circuit must be placed up and away from the majority of the moving 
parts.  
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3. Build 
 
 The physical build of this system needed to be as simple as possible. To do this, 
wood was chosen for the tunnel and frame that would house the door. A wooden frame 
allows for a sturdy structure that could be incorporated into a door or a side of a wall or any 
other place that the consumer felt was necessary. The door itself is made of a hard thick 
plastic. This is chosen because the plastic is lighter than the wood and will allow for easy 
passage of an animal. The dimensions of the box could vary with the application that a 
consumer may desire. This particular door was designed and built for a cat. The average 
width of the common house cat is less than six inches so it was built to have a width of six 
inches. This dimension played well into the application of the sensors as well. Bringing the 
sensors as close as possible to the pet collar would ensure that the sensors activated when 
the magnetic field passed by them. The height of the tunnel and door was made to be around 
the average height of a cat and the structure was made appropriately. Figure 3.1 shows a 
picture of the apparatus.  
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Figure 3.1: Image of the tunnel structure and width of the door. 
  
To ensure that the door was unlocked by the time the cat reached it and pushed it 
open, the tunnel length was set at 4 inches. The tunnel extended 4 inches on either side of 
the door to allow for the application of the four sensors on either side of the door.  
Attaching the solenoid to the door was the next step. To incorporate the solenoid into 
the door itself a squared section was removed from the base of the door just wide enough to 
allow the solenoid to be securely screwed into that section. Once the hole was cut, a frame 
for the solenoid was built out of thinner pieces of wood that were nailed together. This frame 
allowed the solenoid to be placed in the square section of the door and was bolted into the 
base of the door, which housed the solenoid securely. Wires were then soldered to the pins 
of the solenoid and run up the length of the door.  
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On each end of the tunnel, the sensors were bolted in and wires run up the sides of 
the walls and into the circuit box. At the top of the door frame, the circuit box was attached, 
which contained all the circuit components safely out of the elements.  
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4. Test 
4.1 Testing of the Sensor 
 4.1.1 Methods  
Before testing the sensors and ensuring that they functioned properly, the magnets in 
the collar and control group first needed to be characterized. To do this, the magnets were 
placed at the end of a meter stick. A Hall probe was then slowly moved towards the north or 
south pole of the magnet. At every centimeter a reading was recorded until the Hall probe 
could no longer record the field. This was done for the four magnets to be used in the collar 
and for the magnets used in the control group.  
In order to test the sensors and determine the distance and field at which they were 
activated for different strengths of magnets, a simple measurement apparatus was set up as 
seen in Figure 4.1. 
	  
Figure 4.1: Image showing setup of testing apparatus. 
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 A sensor was placed at the end of a meter stick. A chosen magnet was then placed 
with its north or south pole facing the sensor, around 50 centimeters down the meter stick 
away from the sensor. The magnet needed to be oriented with its north or south pole facing 
the sensor in order to achieve its maximum field. The sensor was hooked up to 5 Volts and a 
simple buzzer that would go off when the sensor was activated. The magnet was then be 
moved slowly towards the sensor. When the buzzer would begin to go off the magnet was 
stopped on the meter. The sensor was removed from its position and replaced with a Hall 
probe, in order to measure the magnetic field at the distance of activation. The magnet 
location was also. This was repeated ten times per magnet to ensure proper results.    
 4.1.2 Results 
The results obtained from each of the eight magnets are shown in Figures 4.2 and 
4.3.  
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Figure 4.2: Graph of magnetic field versus distance for the collar magnets. Shows 
that the magnets have very similar magnetic strength. 
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Figure 4.3: Magnetic field versus distance graph shown for the control group. Some 
of these are much stronger than the collar magnets. 
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These graphs show that the magnets are behaving appropriately following the graph 
of  .  
With the above setup to measure the magnetic field and distance at which the sensor is 
activated, Figures 4.4 and 4.5 were obtained for a variety of magnets.  
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Figure 4.4: Activation distance of the collar magnets. These magnets were quite 
similar, exhibiting an average activation distance of 1.46±.1 cm. 
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Figure 4.5: Activation distance of the control group magnets. These magnets varied 
in strength but each had an average around ±.5 Gauss of their initial value.  
	  
 In Figure 4.4, the sensor activates at an average of 1.46 with a standard deviation 
of 0.5 Gauss, which is consistent with the data sheet that was provided by the company. 
However, in Figure 4.5 we see that when using the control group of four different strength 
magnets that we could change the distance of activation. The highest activation distance 
obtained was 9.2 cm. This contradicts the company’s statements that the sensors activated at 
a set distance as opposed to a set magnetic field. The average measurements taken of the 
activation field can be seen in Table 4.1.  
Table 4.1: Table of Magnetic field strength, measured in Gauss, at 
time of sensor activation.  
Collar 1 Collar 2 Collar 3 Collar 4 Control 1 Control 2 Control 3 Control 4 
55.9 49.2 64.5 60 90 71.2 74.3 44.4 
	  
 
16	  
	  
 Table 4.1 shows that the average activation field ranges from 44.4 gauss to 90.0 
Gauss providing for an average activation field of 64 ±10 gauss.  
 4.1.3 Analysis 
 With the above measurements, it has been shown that the distance of activation 
for the HSI Reed Sensors can be changed by altering the strength of the magnets that are 
used. This change can be done very easily by just swapping out the magnets within the 
collar or band. Smaller weaker magnets will require the magnet to be much closer to the 
sensor to activate it as opposed to much stronger magnets that can activate it at greater 
distances. The bigger, heavier, magnets could be used for larger animals like dogs or 
livestock whereas the smaller, lighter magnets could be used in the application for cats and 
smaller farm animals.  
 
 
4.2 Testing the Circuit 
 4.2.1 Methods 
 Testing of the circuit was done piece by piece. When a component of the circuit 
was completed it was tested for reliability. The main focus of consideration for 
measurements was the signal output from the sensors when activated and the signal output 
by the half wave rectifier. In order to obtain these measurements an oscilloscope as used to 
watch how the circuit behaved in real time. When testing the transistor and the solenoid for 
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proper operation, they needed to be plugged into a power supply in order to show their 
operation.  
  
  
 4.2.2 Results 
 From the testing of the circuit it was found that the components behaved as 
expected. When the sensors were placed with a 9 V input, it provided a clean square wave 
output whenever a magnetic field was present. Figure 4.6 shows the output obtained from 
the sensors. Notice how the sensors allow for the full 9 V input to pass through the switch.  
 
 
Figure 4.6: Oscilloscope screen showing output of HSI Sensors. X-axis scale is 1 second. Y-axis scale is 5 V. 
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 The next point of measurement was obtained from the half wave rectifier. This 
rectifier ensures the activation signal persists for at least 15 seconds. The graph obtained in 
Figure 4.7 shows how the signal is controlled and discharges for the set amount of time. 
	  
Figure 4.7: Graph of the operation of half wave rectifier. 
 
 The solenoid which is used to lock the door in place is simple to test. A current 
was applied through the solenoid and as long as that current was able to pass through the 
solenoid it would create a magnetic field and lift its center piston.  
 4.2.3 Analysis 
 Throughout the building and testing of this circuit it has behaved properly except 
for one aspect. The load that is provided by the solenoid at the end of the circuit is so heavy 
on the current that when the half wave rectifier is set to discharge for 15 seconds that it can 
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only discharge for 8. This time difference correlates to the lock being unlocked for 7 
seconds shorter than intended.  However, this still provides enough time for the system to 
work properly and allow the door time to swing back into place and for the animal to clear 
the door.  
4.3 Testing of entire System  
 Once the working door and circuit were placed together testing was needed to 
ensure that it operated properly. In order to do this, the door was closed and the piston 
placed in its locked position. The magnets were brought near the sensors and activated the 
solenoid, unlocking the door. The door was then lifted to its highest point and released. This 
would produce the most oscillations and apply the most force to the door and frame. Once 
released the door would oscillate back and forth until coming to rest after six seconds. Once 
at rest, the circuit would hold its charge for two more seconds and then the solenoid would 
deactivate and relock the door and was ready to repeat its function.   
 The specifications laid out for the circuit are met due the fact that it was able to 
operate as intended when applied to the door. The door worked well, with the added weight 
of the solenoid, and was able to come to a complete stop in time for the door to lock. 
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5. Conclusion 
Through inexpensive means an automatic pet door was created that can be 
understood and constructed by the average consumer with minimal instruction. The 
complexity of the system was minimalized while still operating in the same fashion 
as high end models that are on the market today.  
 In order to improve this product, it would be best to invest more money into 
superior parts. Paying more for magnetic field sensors would allow you to use just 
one sensor as opposed to four and would increase the distance of activation. The reed 
sensors that were used had a tendency to lock up under high magnetic fields and 
render the circuit inoperable. Future versions of this product would consist of light 
metals and plastic instead of wood. This would provide for a much more 
aesthetically pleasing product and allow it to operate more reliably. From an 
activation standpoint, the magnet size can be reduced so it could be applied to 
smaller animals like a metal band on a chicken leg. The combination of the two 
improvements, smaller magnet size and better magnetic field sensors would allow it 
to be used for a variety of applications.  
 This project could be a great stepping stone into further expanding the 
automatic doors that we humans use today. This project could be used to allow 
people to have the ability to open their doors purely by being within a set proximity 
to a sensor. The person could have a certain set of magnetic fields or radio 
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frequencies emanating from a key chain that would allow access to a door without 
having to apply a key or card.   
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